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5 BIODEGRADABLE POLYPHOSPHORAMID AXES FOR CONTROLLED 

IlELEASE OF BIOACTIVE SUBSTANCES 

This app lication claims the benefit of U.S . Provisional Application Serial No. 
60i^90,833 filed May 14, 2001, the teachings of which aie incoiporated herein by 
10 reference. 

BACKGROU>ro OP THE INVENTION 
L Field of the fiivention 

The present invention generally relates to biodegradable polymer compositions, in 
15 particular tho.se containing both phosphoester linkages in the polymer backbone and 
chargeable gicups linked to the backbone through a P-N bond. iTie polymers of the 
invention are useful for dmg and gene delivery, particularly as carriers for gene tlierapy 
and for the delivery of protein dnigs, 

20' 2. Background 

Gene therapy has been progressively developed with Uic hope tlul it will be an 
integral part of medical modalities in the futurcw Gene delivery system is one of the key 
components in gene medicine, which directs the gene expression pi asmids to the specific 
locations within the body. The control of gene expression is achieved by influencing tlie 

25 distribution and stability of plasniids in vivo and the access of Hie plasmids to the target 
cells, and affecling the intracellular trafficking steps of the plasmids {Mahato, et al, 
1999, PliarmaceuticaJ perspectives of nonviral gene therapy. Adv. Genet 41: 95-156). 
An ideal gene delivery canier should be bioabsorable, non-toxic, non-immunogenic, 
stable during storage and after administration, able to access target cells, and efficient in 

30 aiding gene expression. As many studies demonstrated, the limitations of viral vectoi^ 
make synthetic vectors an attractive alternative. Advantages of non-vii-al vectors include 
non-immunogenicity. low acute toxicity, versatility, reproducibility and feasibility to be 
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produced on a large scale. Calionlc liposome aad catibnic polymers are the two major 
types of non-viml gene delivciy caitiers. Catioiiic lipids self assemble into organi7.ed 
stiiictui^ include micelles, plannar bilaycr sheets, and lamellar vesicles. Through the 
condensation process, liposomes and cationic polymers form complexes witli DNA due to 
5 charge interaction. A large variety of liposomal compositions have been developed for 
gene delivery (Chesnqy and Hucpig. 2000. Structure and function oflipld-DhlA complexes 
for gene delivery, Annu. Rev. Biophys. BlomoL StrucU 29: 27-47). An eflective liposome 
vector generally composed of a positively charged lipid (eg. cationic derivatives of 
cholesterol and diacyl glycerol, quatemaiy ammonium detCTgents, lipid derivatives of 

10 polyamines, etc) and a neutral helper lipid (e.g. dioleoyi phosphatidylethanolamine 

(DOPE) or dioleoyi phospholidylcholine (DOPQ). Despite early excitement, there are 
serious limitations to most cationic lipid systems. Several obsei-vations have suggested 
that liposomal systems are relatively unstable after the administration. Significtuit 
toxicity upon repeated use has been shown to be associated to liposomal vectors, 

15 especially the fiisogenic phospholipid (neutral lipid), include the down regulation of PKC 
dependent iramunomodulator synthesis, macrophage toxicity, neurotoxicity and acute 
pulmonary inflammation {FiUon and Phillips. 1998, Major limitations in the use of 
cationic liposomes for DNA delivery, Tni. J. Phann. 162: 1 59-1 70). 

20 Because of the limitations of viral vectors, cationic lipids, cationic polymers as Ihu 

basis of gene delivery systems have gained increasing attention recently. A number of 
polycations have been reported to effect transfection of DNA, including poly-L-lysinc, 
poly-L-omithine, poly(4"hydroxy-L-proline ester), polyiminocarbonate containing 
cyclodextrin, poIy[a-(4-aminobutyl)-L-gIycoIic acid], polyamidoamines, polyamidoamine 

25 dendrimers. chitosan, polycthylcniminc, poly(2-dimethylaminoetliyi methacrylatc), etc. 
Significant progress has been made in the development of polymer based systems, 
especially biodegradable polymers that have lower toxicity and can mediate gene 
transfection via condensing DNA into small particles and protecting DNA from 
enzymatic degradation. Nevertheless, searching for a safer and more efRcient gene 

30 carrier still remains a major challenge in the field of non- viral gene delivery. 
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SUMMARY OF THE INVENTION 

The invention provides positively chargeable biodegradable polymers thai 
comprises at least one phosphoester linkage in the polymer backbone and at least one 
positively chargeable group wherein the positively chargeable group is a substitutent of a. 
S side chain attached to the polymer backbone through a phosphoramidate linkage, e.g., a 
P-Nbon<L 

The invention further provides positively chargeable biodegradable polymer 
compositions eomprising: 
10 (a) at least one biologically active substance; and 

(b) A positively chargeable biodegradable polymer comprising at least one 
phosphoester linkage in the polymer backbone and at least one positively chargeable 
group wherein the positively chargeable group is a substituent of a side chain attached 
to the polymer backbone thiough a phosphoramidate linkage. 

15 

The invention additionally provides a method of preparing a positively chargeable 
biodegradable polymers. The method comprising the steps of: 

polymerizing at least two monomers to fomi a polymer with at least one 
phosphoester linkage in the polymer backbone; 

20 reacting the polymer witli a primary or secondary amine having a positively 

chargeable group or a substituent that can be fimctionalixed to a positively chargeable 
group undCT conditions conducive to the formation of a positively chargeable 
biodegradable polymer comprising at least one phosphoester linkage in the polymer 
backbone and at least one positively chargeable group wherein the positively chargeable 

25 group is a substitutent of a side chain attached to the polymer backbone through a 
phosphoramidate linkage* 



The invention provides a method of preparing a positively chargeable 
biodegradable polymer composition. ITie method comprises the uteps of: 
30 providing a positively chargeable biodegiadable pol>Tner comprising at least one 

phosphoester linkage in the polymer backbone and at least one positively chargeable 
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group wherein the positively ch«^rgeablc group is a substitutent of a side chain attached to 
the polymer backbone tlirougli a phosphoramidate linkage. 

contacting the positively chargeable biodegradable polymer with a biologically 
active substance under conditions conducive to the formation of a complex, e.g., a 
5 composition, comprising the positively chargeable biodegradable polymer and the 
biologically active substance. 

The invention also provides for the controlled release of a biologically active 
substance. The method comprises the steps of: 
10 providing a positively chargeable biodegradable polyra« composition comprising: 

(a) at least one biologically active substance; and 

(b) A positively chargeable biodegradable polymer comprising at least one 
phosphoester linkage in the polymer backbone and at least one positively chargeable 
group wherein the positively chargeable group is a substituent of a side cliain attached to 

15 the polymer backbone through a phosphoramidate linkage; 

contacting the composition with a biological fluid, cell or tissue under conditions 
conducive to the delivery of at least a portion of the biologically active substance to the 
biological fluid, cell or lissue. 

20 The invention further provides methods for gene transfection using the controlled 

release meihods and tlie positively cliargeable biodegradable polymer composition 
comprising a DNA sequence, a gene or a gene fragment, to deliver a DNA sequence, a 
gene or a gene fragment to a specified tissue target in a patient Gene transfection 
methods of the invention arc suitable for use in treatment of any disease or disorder which 
25 is currently treatable by gene therapy or is contemplated as a disease or disorder suitable 
for treatment by gene therapy in the for future. Gene transfection methods of the 
invention comprise the steps of 

providing a positively chargeable biodegradable polymer composition comprising: 
(a) at least one DNA fragment, gene or gene fragment; and 
30 (b) a positively chargeable biodegradable polymer comprising 

at least one phosphoester linkage in the polymer backbone and at least one 
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positively chargeable group wherein the positively chargeable group is a 
substituent of a side chain attached to the polymer backbone through a 
phosphoramidatc linkage; 

contacting the composition with a biological fluid, cell or tissue under conditions 
5 conducive to the delivery of at least a portion of the DNA sequence, gene or gemo 
fia^ent to the biolo^cal fluid, cell or tissue. 

BRIEF DESCRIPTION OF THE DRAWINGS: 
Figure 1. Synthesis scheme of P5-SP; 
10 Figure 2. Gtsl permeation cluouiatogcaph of P5-SP; 

Figures. Stnictijrcs ofP5-SP, P5-BA,P5-DMA,P5-DEAandP5-TMA; 
Figure 4. Cytotoxicity of PP As in COS-7 Cells as compared with PEl and PUU 
Figure 5 . Gel clectrqphoretic analysis of the complexation of PP As with DNA; 
Figure 6. Tn vitro transfcction efficiency of PPA-DNA coaccrvates in liBK 293 cells; 
15 Figure 7, Tn vitJ'o transfcction elTiciency of P5-SP-DNA coacervates in HEK. 293 cells at 

different chtu-gc ratios 
Figure 8. Transfcction of several cell lines using different polymeric caiTiers and PRE- 

Ludferaseasaxnodclplasniid. PS-SP-DNA coacervates are tested with 

different charge ratios (5 and 10 for CaCo-2 cells, Hel-a cells and HUH 7 
20 cells; 7,5 and 10 for HEK293 cells, COS-7 cells and HepG2 cells); and 

Figure 9. Transfcction raediaied by PPA-SP/PPA-DMA mix tui-es at different mo lar 

ratios in COS-7 cells and HeLa cells compared with PPA-SP and PPA-DMA 

aloae. 

25 DETAILED DF<SCRiPTION OF THE INVENTION 

This invention discloses a new class of cationic biodegradable polymers containing 
phosphoester gioup in the backbone and chargeable gioups linked to the backbone 
through a phosphoramidatc linkage, e.g., a P-N bond. The biodegradable 
polyphosphoramidate of the mvcntion comprise the recurring monomeric units shown in 

30 IheFonrnilat 
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FORMULA I 



wherein: 

5 Ri is a divaleat organic moiety that is alipliatic, aromatic or heterocyclic; 

R2 2tnd R3 are each independently selected from the group consisting of hydrogen, 
iilJcyl, aryl, hetcroaryl, hcteroaIicyclic» cycloalkyl, aralkyl or cycloalkylalkyl; 

each non-hydrogen occurrence of R2 and R3 is substituted witli one or more 
positively cliargeablc functional groups (e.g. primaiy amino group, sccondaiy amino 
10 group, tertiary amino group and quaternary amino group, etc.); and 
n is 5 to 2000. 

Particularly preferred polymers according to formula I include polymers of 
formula H: 



15 




FORMULAE 
wherein: 

n, R7. and R3 are as defined in Formula 1; 

R4 and R5 are independently selected from the group consisting of hydrogen, 
20 alkyl, cycloalkyl, alkoxy, aryl, heteroaryl, heteroalicyclic, aralkyl, a steroid derivative; and 
q is an integer from about 1 to about 5. 



wo 03/000776 



PCT/SG02/00091 



Picfencd positively chargeable biodegradable polymers of the invention are 
capable of foxining a complex with biologically active substancesL Preferred biologically 
active substances include DNA, RNA, proteins, small molecule therapeutics, and the like. 

5 Other preferred positively chargeable biodegradable polymers of the invention 

include polymers capable of compiexing 20-60% by wei^t of a biologically active 
substance such as DNA^ RNA, proteins, small molecule therapeutics, and the like. 

Fuilhermorc, preferred positively chargeable biodcgi adablc polyniers of the 
10 invention include polymers having bclv/een about 5 and about 2,000 phosphoramidalp 
groups, more preferably between about 10 and about 1500 phosphoramidate groups, and 
particularly preferred arc polymers having between about 20 and 1000 phosphoramidate 
groups. Also preferred are polymers having a molecular weight of between about 1 000 
and 500,000, more preferably having a molecular weight of between about 2000 and 
15 200,000, particularly preferable are poljiners having a molecular weight of between about 
2000 and 100,000. 

In additional preferred embodiments, positively chargeable biodegi-adablc 
polymers of the invention Airthcr comprise one or more groups thai facilitate Intracellular 
20 or extracellular delivery of a biologically active substance. Preferred groups for 
facilitating intracellular delivery of a biologically active substance include a 
lysosomalytic agent, an amphiphilic peptide, a steroid derivative, and the like. 

In preferred embodiments, the biodegradable polyphosphoramidate polymers of the 
25 invention, including pobaners according to Fonnula I or Fomiula H, arc biocompatible 
before and upon degradation. 



30 



In preferred embodiments, the biologically active substance is negatively charged- 
Preferrcd biologically active substances include anionic groups such as phosphate groups, 
carboxylate groups, sulfiUe groups and other negatively charged bio-compatible groups. 
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In another embodiment, the invenliori features a coaccrvate system useful for the 
deliveiy of bioactive macromolecules comprising the biodegradable polycncr of Formula 
t 

5 In another embodiment, the invention fGaturcs polymer conjugates comprising 

polymers of Fomiula 1 and bioactive lifiands that could facilitate cell uptake and 
uilracellular trafficking steps. 

In another embodiment of the invention, coaccrvate systems usefiil for delivery of 
LO nucleic acids (DNA or RNA) and/or protein drugs and comprise the biodegradable 
polymer of Formula I or the above-described polymer conjugates arc described. 

In a further cmbodmicnU the invention contemplates a process of making polymeric 
coacerv'atcs for delivery of protein drugs or nucleic acid- 

15 

This invention also describes a number of procedures for preparing the biodegradable 
polymers described above. 

line biodegradable polymers could be copolymers having one or several different 
20 monomeric recurring units described in Formula L 

A lipophilic moiety, e.g. a group bearing cholesterol structural or lipid, could be 
conjugated to the carriers to enhance the interaction betv^'een complexes and cell 
membrane therefore facilitates cell uptake. 

25 

An endolysosomalytic agent, e.g. an amphiphilic peptide, could be conjugated to the 
carriers to enhance the endosomal escape after cell uptake step. 



A nucleus localization signal could be conjugated to the carriers to facilitate the 
30 nucleus translocation. 
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It is a discovery of the present invention that nucleic acid molecules of various chain 
lengths caix complex with these biodegradable polymers of Fomiula I in aqueous 
conditions to form coaccrvates or solid microparticles ranging from submicron to microns 
in size. These coacervates containing nucleic acids, v/hen appropriately targeted, can 
S transfect cells with phagocytic aciivity. 

According to the present invention, other molecules, especially those carry charges 
and have relatively higher molecular weights could also be incorporated into the 
complexes/coacervates. 

10 

In a further embodiment, the invention contemplates a proceb'S of making polyiutiric 
coacervates for delivery of bioactive macromolecules. 

In yet another embodiment, the invention comprises articles comprising one or several 
15 difTcrent polymers with strucli.ires shown in Formula I and bioactive substances, e.g. 

nucleic acids and other negatively charged macromolecules for sustained release of these 
bioactive substances iu-vivo and/or in- vitro. Addilionally, (he bioactive substances can 
be released in a controlled, sustained manner either an intracellular and extracellular 
marmer. 
20 • 

, In a still further embodiment, tlie Invention contemplates a process for preparing 

biodegradable polyphosphoramidates, which comprises a step of reacting a polymer 
shown in Formula DI, wherein X is a halogen and R* is as defined in Fomaula I, with a 
primary or secondary amine having a general stmcture as R'R^NII, wherein R2 R3 
25 each independently selected from the group consisling of hydrogen, alkyl, aryl, heteroaiyU 
heteroalicyclic, cycloalkyl, aralkyi or cycloalkylalkyl wherein each non-hydrogen 
occurrence of R3 and R3 is substituted v^itli one or more positively chargeable functional 
groups (e.g. primary amino group, secondary amino group, tertiary amino group and 
quaternary aaiino gi'oup, etc,)- 

30 
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FORMUI.Anl 

In specific embodiments, one or more charged groups that are present in Ri or R3 
5 are capable of reacting with a P-halogen bond. Preferably, such reactive positively 
chargeable groups are protected using standard organic chemistry protecting group 
techruques to prevent reaction of such groups with the P-X bond. The protected primary 
or secondary amine, RaRsNH, is then reacted with the polynier of Formula HI where X is 
a halogen. In paiiiculailyprefcrrcd embodiments, reactivepositively chargeable groups 
10 include primary or secondary amine groups which are protected using standard amine 
protection methodologies. 

In other preferred embodiments, phosphoramidate polymers of the invention can 
be prepared by formation of a P-N linkage by reacting a polymer of Formula 11 wherein X 
15 is hydrogen with a primary or secondary amine in a polar aprotic solvent mixture sucli as 
DMF/CCI4 to Scheme 1. 




HNR2R3 



DMF/CCI4 




Scheme 1. 



The biodegradable polymeric sj'stcm described in the present invention achieves 
sustained and localized delivery of one or more therapeutic agents to a designated 
biological tissue or site in a patient In particular, the polymeric system of the invention 
achieve sustained and localized delivery of one or more genes in skeletal muscles or 
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iiitraderimlly and achieve a higher geue transfer efficiencies than other plasmid dcliveiy 
systems cmrcntly under investigation. TThe biodegradable polymeric carriers described in 
the present invention achieve gene transfer efficiencies iw vitro and iii vivo that are 
superior to other polycationic carriers currently under investigation. 

5 

The polyphosphoraxnidate earners of the present inv^tion typically off^ 
foilowiiig advantages over other biodegradable carriers described in the literatures axid 
patents: 

10 Polyphosphoramidale polymera of the invention are biodegradable v^herein the 

polymers have a cleavable backbone , cither hydrolytically or enzymatically. The two 
most effective polymeric carriers currently available, PEI and various dendrimeric 
materials, arc not biodegradable and their fate, in vivo, after administration is still unclear. 

« 

15 Polyphosphoramidate polymers of the invention are biocompalible before, during 

and after biodcgradation. Biodegradalion breakdown products are typically non-toxic. 
The polyphosphoramidate polymers of the invention are less cytotoxic than poly-L- lysine, 
VEI and liposome compositions in vitro. la a preferred embodimeni, polymers of 
Fonnula I are degraded to phosphate, 1,2-propanediol and amines R^R^NH, By prudent 

20 selection of the side chains, the polj'mer potentially has minimal toxicity before and upon 
degradation. 

Polyphosphoramidate polymers described in the present patent havie higher 
molecule weight than most other biodegradable cannere reported in the literatures whose 
25 number average molecular weights are in the range of 3,000 to 9,000. The biodegradable 
polymers described here generally have number average molecular weights in the range 
of 1 0,000 to 500,000. Higher molecular weight of the polymeric carriers generally 
increases the binding capacity of the carriers such that the polyiners of the invention 
typically exhibit superior uptake of DNA and protein. 

30 
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Tlic structures of polyphosphorainidalc polymers are lailonibic to liave variable 
charged groups with different pKb, difTerenl chiirge density, molecular wcifiht, 
hydrophilicity/hydrophobicity balance to optimi2;e the transfection activity of tlie cairierfi. 
An cndolysosomalytic agent, eg. an arophiphilic peptide, may be conjugated to the 
cairiers to enhance the endosomal escape after cell uptake step. A lipophilic moiety, C-g. 
a group hearing cholesterol structural or lipid, may be conjugated to the carriers to 
enhance the interaction between complexes and cell membi^e therefore facilitate cell 
uptake. A nucleus localization signal could be conjugated to the carriers to lacllitate the 
nucleus translocation. 
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Polyphosphoramidates suitable for use in the invention may be modified to 
comprise one or more specific ligands conjugated to the side chain or as a side chain 
group to enhance the cellular uptake of one or more bioactivc molecules (nucleic acids 
and proteins) dispersed in cam'cr pol>Tner and/or achieve tissue/cell specific delivery of 
15 the bioactive cargo. 

Polyphosphoramidate polymers suitable for use in the methods of the invention 
typically posses higher molecular weights than polymeric carriers disclosed in the art such 
that complexes/coacervates comprising the polyphosphoramidates of tlie invention are 
20 more stable than other polycationic materials with lower molecular weights. 

Polyphosphoramidate poljmcrs and compositions comprising at least one 
bioactive molecule and a polyphosphoramidate polymer are prepared by reproducible and 
easily scalable procedures. 

25 

An attractive coacei-vate delivery system requires a delicate balance among factors 
such as the simplicity of preparation, cost effecliveness, nucleic acids loading level, 
controlled release ability, storage stability, and immunogenicity of the components- The 
gene delivery system described here may offer advantages compared to other particulate 
30 delivery systems, including the liposomal system. Tlie problems of instability, low 
loading level, and controlled release ability are belter resolved with these polymeric 
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systems. Compared to other synthetic polymeric systems, such as the extensively studied! 
polylactic/polyglycolic copolymers, the mild conditions of coacervate fomiulation are 
appealing. Unlike the solvent evaporation and hot-melt techniques used to formulate 
synthetic polymeric coaceivates, complex coacervation requires neither contact with 
5 organic solvents nor heat It is also particularly suitable for encapsulating bio- 

macromolccules such as nucleic acids and proteins not only through passive sol vcot 
capturing but also by direct charge-charge interactions. 

Targeting ligands can be Jireclly bound to the surEice oflhe coacervates. 

10 Alternatively, such ligands can be conjugated to the polymeric carriers to form molecular 
coiyugates, u^hich then complex with nucleic acids and/or proteins. Targeting ligands 
according to the present invention are any molecules, which bind to specific tj'pes of cells 
in. the body, lliese may be any tjpes of molecules for which a cellular receptor exists. 
Preferably tlic cellular receptors are expressed on specific cell types only. Examples of 

15 targeting Hgands that may be used are hom:iones, antibodies, cell-adhesion molecules, 
oligosaccharides, drugs, and neurotransmitters. 

The method of the present invention involves a coacerva(ion process described In US 
Patent 5,972,707 (Roy, et aL. 1999, Gene Delivery System) and US Patent 6,025337 
20 (Tmong, et aL, 2000, Solid Microparticles for Gene Delivery). The process is optimized 
in this invention to best suit the complcxation of nucleic acids and biodegradable carriers 
of Formula I. 

It is a discovery of the present invention that different polymers with different charged 
25 groups, e.g. different amino groups with a wide range of acidity (pKb), could be included 
into one coacervatc/complex system for the inlracellular delivery. Such a system could 
offer bu ffering capacity similar to that of PEL 

Polyphosphoramidales suitable for use m the methods of ihc present invention 
30 include any and all different single pure isomers and mixtures of two or more isomers. 
The term isomer is intended to include diastcrcoisomers, enantiomers, regioisomers. 
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structural isomers, rotational isomers, tautomers, and the like. For compounds whi<di 
contain one or more stereogenic centens, e:g^ chiral conipounds, the methods of the 
invention may be carried out with a enantiomerically enriched connpound, a racemate, or 
a mixture of diastereomcrs* Preferred enantiomerically enriched compouxids have an 
5 enantiomeric excess of 50% or more, more preferably the compovod has an enantidnieiio 
excess of 60%, 70%, 80%, 90%, 95%, 98%, or 99% or more. . 

Polyphospboramidatcs suitable for use in the metliods of the present invention 
include any and all molecular weight distribiition profiles, i.e., polymers having a Mw, or 
10 of between 1 and about 50, more tjpically a Mw, or M„ between about 1.2 and about 
10. Moreover, polyphosphroamidates of the invention have a polydispcrsity^ index of 
between about I and about 5. 

As also discussed above, typical subjects for administration in accordance with 
15 the invention arc maimnals, such as primates, especially humans. 

Biodegradable polymers difTer from non-biodcfii-adablc polymers in tliat they can 

be degraded during in vivo therapy. This generally involves brcakinfi down the polymer 

into its monomcric subunits. In principle, the ultimate hydiolytic breakdown products of 

20 -polymers suitable for use in tlie methods of the present invention should be 

biocompatible, non-toxic and easily excreted from a patient's body. However, the 

■ 

intennediate oligomeric products of the hydrolysis may have different properties- Thus, 
toxicology of a biodcgi-adable polymer intended for implantation or injection, even one 
synthesized from apparently innocuous monomeric structures, is typically dctemiined 
25 afier one or more toxicity analyses. 

The biodegradable pol^Tner of the invention is preferably sufficiently pure to be 
biocompatible itself and remains biocompatible upon biodegradation. "Biocompatible*' is 
defined to mean thai the biodegradation products and/or the polymer itself arc nontoxic 
30 and result in only minimal tissue irritation when instilled in the bladder or transported or 
otherwise localizexl to other tissues within a patient 
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It will be apprecialed that the actual preferred amounts of therapeutic agent or 
other component used in a given composition will vary accoixling to the Iherapeutic agent 
being uliUzed including the polymer system being employed, the mode of application, the 
5 particular site of administration, etc. Optucnal administration rates for a given protocol of 
administration can be readily ascertained by those skilled in the art using conventional 
dosage determination tests conducted with regard to the foregoing guidelines. 

As used herein, "alkyl" is intended to include branched, straigjit-chain and cyclic 
10 saturated aliphatic hydrocarbon groups including alkylene, having the speciOed number 
of carbon atoms. Examples of alkyl include, but arc not limited to, methyl, ethyl, n- 
propyl, i-propyU n-butyl, s-butyl, t-butyl, n-pentyl, and s-pentj4. Alkyl groups typically 
have 1 to about 16 carbon atoms, more typically 1 to about 20 or 1 to about 12 carbon 
atoms. Preferred alkyl groups are CrCjo ^'kyl groups, more preferred are Cuu-alkyl and 
15 Ci-6-alkyl groups. Especially preferred alkyl groups arc mcthyU ethyl, and propjd. 

As used herein, "heteroalkyr is intended to include branched, straight-chain and 
cyclic saturated aliphatic hydrocarbon groups including alkylcne, having the specified 
number of carbon atoms and at least one hcteroatom, e.g., N, O or S. Heteroalkyl gi-oups 

20 will tj'pically have between about 1 and about 20 carbon atoms and about 1 to about 8 
heteroatoms, preferably about 1 to about 12 carbon atoms and about 1 to about 4 
heteroatoms. Prefened heteroalkyl groups include the folio wing groups. Preferred 
allQithio groups include those groups having one or more thiocther linkages and fi*om 1 
to about 12 carbon atoms, more preferably from 1 to about 8 carbon atoms, and still more 

25 preferably from 1 to about 6 carbon atoms. Alylfliio groups having 1, 2, 3, or 4 caibda 
atoms are particularly preferred. Prefered alkylsulfinyl groups include those groups 
having one or more sulfoxide (SO) groups and from 1 to about 12 carbon atoms, more 
preferably from 1 to about 8 carbon atoms, and still more preferably from 1 to about 6 
carbon atomS- Alkylsulfinyl groups having 1, 2, 3, or 4 carbon atoms arc particularly 

30 preferred. Prefen'ed alkylsulfonyl gioups include those groups having one or more 

sulfonyl (SO2) groups and from 1 to about 12 carbon atoms, more preferably from 1 to 
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about 8 carbon atoms, and still more preferably from I to about 6 carbon atoms. 
Alylsulfonyl groups having 1, 2, 3, or 4 caibon atoms are paiticularly prefcrrecL Preferred 
aminoalkji groups include those groups having one or more primaiya secondary and/or 
tertiary amine groups, and from 1 to about 12 carbon atoms, more preferably from I to 
5 about 8 carbon atoms, aiid still more preferably from 1 to about 6 carbon atoms* 
Aminoalkyl groups having 1 , 2, 3, or 4 carbon atoms are particularly prefenred. 

As used herein, "heleroalkenyV is intended to include bnmchcd, slraight-chain 
and cyclic saturated aliphatic hydrocarbon groups iucludmg alkenylcne, haying tiie 

10 specified number of carbon atoms and at least one heteroatom, e-g-, N, O or S- 

Heteroalkehyl groups will typically have between about 1 and about 20 carbon atoms and 
about 1 to about 8 hetcroatoms, preferably about 1 to about 12 carbon atoms and about 1 
to about 4 heteroatoms. Preferred heteroalkenyl groups include the following groups. 
Preferred alkylthio groups include those groups having one or more thioelher linkages 

15 and from 1 to about 12 carbon atoms, more preferably from 1 to about 8 carbon atoms, 
and still more preferably from 1 to about 6 carbon atoms, Alkenylthio groups having 1, 
2, 3, or 4 carbon atoms are particularly preferred. Prefered aUcenylsulfmyl groupss include 
those groups having one or more sulfoxide (SO) groups and from 1 to about 12 carbon 
atoms, moi-e prefei-ably fr om 1 to about 8 carbon atoms, and still more preferably from I 

20 to about 6 carbon atoms. Alkenylsulfmyl groups having 1, 2, 3, or 4 carbon atoms are 
particularly preferred. Preferred alkcnylsulfonyl groups include those groups having one 
or more sulfonyl (SO2) groups and from 1 to about 12 carbon atoms, more preferably 
from 1 to about 8 carbon atoms, and still more preferably from 1 to about 6 carbon atoms. 
Alkcnylsulfonyl groups having 1, 2, 3, or 4 carbon atoms are particularly preferred. 

25 Prefcnred axninoalkenyl groups include those groups liaving one or more primaiy, 
secondary and/or tertiaiy amine groups, and from 1 to about 12 carbon atoms, more 
preferably from 1 to about 8 carbon atoms, and still more preferably from 1 to about 6 
carbon atoms. Aminoalkenyl groups having 1. 2, 3, or 4 carbon atoms are particularly 
preferred. 
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As used herein^ "heteroalkynyl" is intended to include branched, slraigUt-cbain 
and cycKc saturated aliphatic hydrocarbon groups including alkyiiylcnc, having tbc 
specLQed number of carbon atoms and at least one hetcroatom, e.g., N, O or S- 
Heteroalkynyl groups will typically have between about 1 and about 20 carbon atoms and 
5 about 1 to about 8 hetercatoms, preferably about 1 to about 12 carbon atoms and about 1 
to about 4 helerontoms- Preferred heteroalkynyl groups include the following groups. 
Preferred alkynylHiio groups include those groups having one or more thioetlicr linkages 
and from 1 to about 12 carbon atoms, more preferably from 1 to about 8 carbon atoms, 
and still more preferably from 1 to about 6 carbon atoms. ADq^ylthio groups haying I, 

10 2, 3, or 4 carbon atoms arc paiticularly prefen-ed. Prcfcrcd alkynylsulflnyl groups include 
those groups having one or more sulfoxide (SO) groups and from 1 to about 12 carbon 
atoms, rhore preferably from 1 to about 8 carbon atoms, and still more preferably from I 
to about 6 carbon atoms. Alk>7iylsulJlQyl gix)ups having 1, 2, 3, or 4 carbon atoms are 
particularly preferred. Preferred alkynylsulfonyl groups include those giwjps having one 

15 or more sulfonyl (SO2) groups and from 1 to about 12 carbon atoms, more preferably 

from 1 to about 8 carbon atoms, ai\d still more preferably from 1 to about 6 carbon atoms. 
Alkynylsulfonyl groups having 1, 2. 3, or 4 carbon atoms arc particularly preferred. 
Prefen-ed aminoalki'nyl groups include those groups having one or more primaiy, 
secondary and/or tertiary amine gioups, and from 1 to about 12 caibon atoms, more 

20 preferably from 1 to about 8 carbon atoms, and still more preferably from 1 to about 6 
carbon atoms, Amino alkynyl groups having 1, 2, 3, or 4 carbon atoms are particularly 



As used herein, •'cycloalkyr is intended to include saturated ring groups, having 
25 the specified number of carbon atoms, such as cyclopropyl, cyclobutyl, eyclopentyl, or 
cyclohcxyl. CycloalkyI groups typically will have 3 to about 8 ring members, 

In the term cycloalkyl)Cr4 alkyr*, as defined above, the point of attachment 
is on the alkyl group. This term encompasses, but is not limited lo, cyclopropylmcthyl, 
30 cyclohexylmethyl, cycIohcxylmethyL 



preferred. 
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As used here, "alkeuyl" is intended lo mclude hydiX)carbou chains orslmij^t, 
cyclic or branched configuration, including alkenylenc, and one or more unsaturated 
carbon-carbon bonds which may occur in any stable point along the chain, such as etiicnyl 
and propenyl. Alkenyl groups tjpically will have 2 to about 12 carbon atoms, more 
5 typically2to about 12 carbon atoms. 

As used herein^ *'alkynyr is mtcnded to include hydrocaibon chains of straight, 
cyclic or branched configuration, includmg alkyhylene, and one or more triple 
cartion-caibon bonds which may occur in any stable point along the chain, such as ethynyl 
10 and propyoyi. Alkynyl groups lypically will have 2 lo about 2:0 rarbon atoms, more 
typically 2 to about 12 carbon atoms. 

As used herein, "haloalkyl" is intended to include both branched and 
straight-chain saturated aliphatic hydrncarbon groups having the specified number of 
15 carbon atoms, substituted with 1 or more halogen (for example -CvFw where v = 1 to 3 
and w =1 to (2v+l), Examples of haloalkyi include, but are not limited to, 
triiluoromelhyl, trichloromethyl, pentafluoroethyl, and pentachloroethyl. Typical 
haloalkyl groups will have 1 to about 16 carbon atoms, more typically 1 to about 12 
carbon atoms. 

20 

As used herein, "alkoxy" represents an alkyl group as defined above with the 
indicated number of carbon atoms attached through an oxygen bridge. Examples of 
alkoxy include, but are not limited to, mcthoxy, ethoxy, n-propoxy, i-propoxy, n-butoxy, 
2-butoxy, t-butoxy, n-pentoxy, 2>pentoxy, 3- pentoxy, isopentoxy, neopentoxy, n-hexoxy, 
25 2-hcxoxy, 3-hexoxy. and 3-methyIpentoxy. Alkoxy groups typically have 1 to about 16 
carbon atoms, more typically 1 to about 12 carbon atoms. 

"Prodrugs" arc intended to include any covalently bonded earners which release 
the active parent drug according to fomiula I in vivo when such prodrug is administered 
30 to a mammalian subject Prodrugs of a compound are prepared by modiTyiug functional 
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groups present in the drug compound in such a way that the modifications are cleaved, 
either in routine manipulation or m vzvo, to the parent compound- 

Combinations of substituents and/or variables m^e permissible only if such 
5 combinations result in stable compounds, A stable compound or stable stractnre is meant 
to imply a compound thai is sufl5ciently robust to survive isolation to a useful degree of 
purity from a reaction mixture, and formulation into an effective therapeutic agent 

As used herein, the term "aliphatic" refers to a linear, branched, cyclic alkaniC^ 
10 alkene, or alkyne. Preferred aliphatic groups in Ihe poly(phosphoestcr-co-amidc) polymw 
of the invention ate linear or branched and have from 1 to 20 carbon atoms. 

As used herein, the term "aryl" refers to an unsaturated cyclic carbon compound 
with 4n+2 electrons where n is a non-negative integer, about 5-18 aromatic ring atoms 
15 and about 1 to about 3 aromatic rings. 

As used herein, the term ••[ictcrocyclic" refers to a saturated or unsaturated ring 
compound having one or more atojns other than carbon in the ring, for example, nitrogen, 
oxygen or sulfiir. 

20 

The polymers of the invention are usually characterized by a release rate of the 
therapeutic agent in vivo that is controlled at least in part as a function of hydroljfsis of 
the phosphoester bond of the polymer during biodegradation. Additionally, the 
therapeutic agent to be released may be conjugated to the sidechain of the 
25 • phospluamidute repeat unit to form a pendant dmg delivery system. FvJrther, other factors 

are also important. 

The life of a biodegradable polymer in vivo also depends upon its molecular 
weight, co'slallinily, biosfability, and the degree of cross-linkine. In geaei^U the greater 
30 the molecular weight, the higher the degree of cr>'stallinity, and the greater die 
biostability, the slower biodcgradalion will be. 
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Tlie therapeutic agent of the invention can vary widely with the purpose for the 
composition. The agnet(s) may be desciibed as a single entity or a combination of 
entities. The delivery system is designed to be used with therapeutic agents having high 
5 water-solubility as well as with those having low water-solubility to produce a delivexy 
system that has controlled release rates. The terais "therapeutic agent" and •'biologically 
active substance" include without limitation, medicaments; vitaituns; mineral 
supplements; substances used for the treatment, prevention, diagnosis, cure or mitigation 
of disease or illness; or subslanccs which alTecl the structure or function of the body; or 
10 ptx)-drugs, which become biologically active or more active after they have been placed in 
a predetermined physiological environmcnL 

Non-limiting examples of useful therapeutic agents and biologically active 
substances include the following expanded therapeutic categories: anabolic agents, 

15 antacids, anti-asthmatic agents, anti-cholesterolemic and anti-Iipid agents, anti- 
coagulants, anti-convulsants, anti-diarrheals, anti-emetics, anti-infective agents, antl- 
inflammatory agents, anti-manic agente, anti-naiiseants, anti-ncoplastic agents, anti- 
obesity agents, anti-pyrctic and analgesic agents, anti-spusmodic agents, anti-tlironibotic 
agents, anti-uriceniic agents, anti-anginal agents, antihistamines, anti-tussivcs, appetite 

20 suppressants, biologicals, cerebral dilators, coronaiy dilators, decongestants, diuretics, 
diagnostic agents, er>'thropoietic agents, expectorants, gastrointestinal sedatives, 
hyperglycemic agents, hypnotics, hypoglyc«nic agents, ion exchange resins, laxatives, 
mineral supplements, mucolytic agents, neuromuscular drugs, peripheral vasodilators, 
psychotropics, sedatives, stimulants, thyroid and anti-thyroid agents, uterine relaxant, 

25 vitamins, antigenic materials, and prodrugs^ 

Specific examples of useful therapeutic agents and bJologicaUy active substances, 
i.e-, bioactive molecules, from the above categories include: (a) ajiti-neoplastics such as 
androgen inliibJtors, antimetabolites, c>'totoxic agents, inimunombdulators; (b) anti- 
30 tU5Sives such as dextromethorphan, dextromethorphan hydrobromide, noscapine, 
carbctapentane citrate, and chlophedianol hydrocliloride; (c) antihistamines such as 
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chloipheniramine maleale, phcnindamJnc tartrate, pyrilaminc xhalc&tc, doxylamine 
succinate, and phenyltoloxaininc citrate; (d) decongestants such as phenylephrine 
hydrochloride, phenylpropanolancn'ne hydrochloride, pseudoephedrine hydrochloride^ and 
ephedrine; (e) various alkaloids such as codeine phosphate, codeine sulfate and morphine; 
5 (f) mineral supplements such as potassium chloride, zinc chloride, calcium catbonates^ 
magnesium oxide, and other alkali metal and alkaline earth metal salts; (g) ion exchange 
resins such as cholestryramine; (h) anti-arrhythmics such as N-acctylprocainamide; © 
antipyretics and analgesics such as acetaminoph^ aspirin and ibuprofen; (j) appetite 
suppressants such as phcnjl-propanolaminc hydrochloride or caffeine; (k) expectorants 

10 such as guaifenesin; (1) antacids such as alunuriuni hydroxide and magnesium hydroxide; 
(m) biologicals such as peptides, pblj^peptides, proteins and amino acids, hormones, 
interferons or cytokines and other bioactive peptidic compounds, such as hGH, tPA, 
calcitonin, ANF, EPO and insulin; (n) anti-infective agents such as anti-fungals, anti- 
virals, antiseptics ond antibiotics; and (o) antigenic materials, partricuJarly those useful in 

15 vaccine applications. 

.Preferably, the therapeutic agent or biologically active substance is selected fix)ni 
the group consisting of DNA, polysaccharides, growth factors, hormones, anti- 
angiogenesis factors, interferons or cj'tokincs, and pro-drugs. In a particularly preferred 
20 embodiment, the therapeutic agent is a DNA vaccine comprising a DNA sequence 
encoding an antigen, a DNA sequence encoding a cytokine or a mixture of DNA 
sequences encoding an antigen and a cytokine. 

The therapeutic agents are used in amounts that are therapeutically efifectivc. 
25 While the effective amount of a therapeutic agent will depend on the particular material 
being used, amounts of the therapeutic agent from about 1% to about 65% have been 
easily incorporated inio the present delivery systems while acliicving conlrolled release- 
Lesser amounts may be used to achieve efficacious levels of treatment for certain 
tlicrapeulic agents. 

30 



-21- 




wo 03/000776 PC17SC02/O00>l 

. In addition, the polymer composition of the invention can also comprise polymer 
blends of the polymer of the invention with other biocompatible polymers, so long as they 
do not interfere imdcsirably with the biodegradable characteristics of the composition- 
Blends of the polymer of the invention with such other polymers may offer even greats 
5 flexibility in designing the precise release profile desked for targeted drug delivery or the 
precise rate of biodcgradability desired for structural implants such as for orthopedic 
applications. Examples of such additional biocompatible polymers include other 
poJycaibdnates; polyesters; polyorthoesters; polyamides; polyurethanes; 
poly(iminocarbonates); and polyanhydrides, 

10 

As a drug delivery device, the polymer compositions of the invention provide a 
polymeric matrix capable of sequestering a biologically active substance and provide 
predictable, controlled delivery of the substance. The polymeric matrix then degrades to 
non-toxic residues. 

15 

It will be understood, however, that the specific dose level for any particular 
patient will depend upon a variety of factors including the activity of the specific 
compound employed, the age, body weight, general health, sex, diet, time of 
administration, route of admim'stration, and rate of excretion, drug combination (i.e., 
20 other drugs being administered to the patient), the severity of the particular disease 

undergoing Qierapy, and other factors, including the judgment of the.prescribing medical 
practitioner, 

A positively chargeable biodegradable polym« composition of the invention also 
25 may be packaged together with Instinctions (i.e. vmtten, such as a written sheet) for 

treatment of a disorder as disclosed herein, e.g. instruction for treatment of a subject that 
is susceptible to or suffering from a disease or disorder wliich may be treated by 
administration of a bioactive molecule, e.g., therapeutic agent, dispersed in the positively 
chargeable biodegradable polymer composition. 

30 
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A positively chargeable biodegradable polymM composition of the inveution be 
administered parcnterally, preferably in a sterile non-toxic, pyi'ogen-free xnedium. The 
drug, depending on the vehicle and concentration used, can either be suspended or 
dissolved in the vehicle. Advantageously, adjuvants such as local anesthetics, 
5 preservatives and buffering agents can be dissolved in the vehicle. The term parenteral as 
used herein includes injections and the like^ such as subcutaneous, intradermal, 
intravascular (e.g., intravenous), intramuscular, intraslemal, spinal, intrathecal, and like 
injection or infusion techniques, with subcutaneous, inlramuscular and intravascular 
injections or infusions being preferred. 

10 

A positively chargeable biodegradable polymCT composition of the invention also 
may be packaged together with instructions G-^- written, such as a written shoot) for 
treatment of a disorder as disclosed herein, e.g. instruction for treatment of a subject that 
is susceptible to or suffering from inflammation, cellular injury disorderis, or immune 
15 system disorders. 

The following examples are illustrative of the invention. All documents 
mentioned herein are incoiporared herein by reference. 
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EXAMPLES: 

The foUowing examples are offered by way of iflustration 
limit the invention in any maanex, 
5 Eammple 1. Synthesis and charactcrizntion cf polj'pho^phoranudates 

1.1 Synthesis of P5-SP (structure shown in Figure 3) 

The synthetic scheme of P5-SP is shown in Figure L PoIy(4-inethid-2-oxo-2-hydro-l,3.2- 
dioxaphospholane) is syutliesized according to the procedure described iii the literature 

10 (Bie!a T, Penczek S, and Slomkowsld 1982, Racemic and optimal active poly(4-methyi'- 
2-oxo'2-hydro-l,3,2-dioxaphosphola7ieJ: SyntJiesis and oxidation to the potyacids. 
MaJaomoL Chem. Rapid Commun. 3: 667-671). Briefly, 2-hydroxy-4-mcthyl- 1,3,2- 
dioxaphospholane (58g, 0.475raol) [freshly prepared according to Lucas' method {Lucas 
HJ, MitcJi^ll FJV, Jr., and Scully CN. 1 950. Cyclic phosphites of some alipliatic glycols. 

15 y. Am. Oiem. Soc 72: 5491-5497) is polymerized m 200 ml of freshly dried CHCI3 at 
room temperature for 48 hours. Polymerization is initiated with triisobutylaluminum 
(1 wt%, 4ml of 15% solution in heptane). Ihe polymer is obtained by prccipitaU'on into 
anhydrous benzene. This polymer become insoluble in chloroform after precipitnlion, but 
it is soluble in anhydrous DMF. 

20 

Poly(4-melhyl-2-oxo-2-hydro-l,3,2-dioxaphospholane) (1.094 g, 8.9 mmol P-H 
groups) is dissolved in anhydrous DMF (10 ml). To this solution is added 5 ml of 
anhydrous CCI4 and iS^,7/-bis(trifluroacetyl)sp6rroidine trifluroacctate (1 0.8 mmol, 4.9 g) 
in 10 ml of DMF using a syringe, followed by addition of 5 ml of anhydrous 
25 triethylaminc under ice- water bath. The reaction is perfonned al 0 C for 30 minutes 

then at room temperature overnight. The resulted solution is concentrated and product is 
obtained by precipitating in water followed by drying under vacuum. 

The resulted polianer is suspended in 30 ml of concentrated anunonia solution and the 
30 mixture is stirred at 60 C for 16 hours. Tlie solution is concentrated and dialy2cd 
against water overnight using a dialysis tubing with a MWCO of 7,500. P5-SP is 
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obtained after lyopluHzing the dialyzeti solution. The stiTicture of P5-SP is confirmed by 
proton-NMR: 8 (ppm); 1.35-L4 (d, 3H). 1^-1.7 (4H), 1.75-1.95 (211), 2.65-2.95 (4H), 
3,0h3-2 (4H), 3.75-4.15 (ni. 2H). 4.35-4.65 (d. b, IH). Figure 2 shows a typical 
chroniatograph by gel pcimeatioa chromatography analysis of P5tSP. It is indicated that 
5 P5-SP synthesized has a weight average molecular wdght of 4.58x10* , and number 
average molecular weight of 3.14x10* 0?olyd^spersity=1.46). 

1.2 Synthesis of P5 -DMA (structure shovioi in Figure 3) 

To a solution of poly(4-methyl-2-oxo-2-hydro-l,3,2-dioxaphospholane) in anhydrous 
10 DMF cooled with ice- water bath, was added 5tnL of anhydrous ecu and N,N- 

diroethylcthylencdiamine (20% excess to P-H) solution in, followed by addition of large 
excess of triethylamine. The reaction was performed at 0 C for 30 minutes and at room 
temperature overnight. P5-DMA was obtained by dialysis against water using a dialysis 
member with a MWCO of 2,000. 

IS 

To the solution of P5-DM-A. (100 rag) in 5ml of methanol was added CH3I (1 ml) and 
the mixture was allowed to stay at room tempcratiire overnight. The resulted solution was 
concentrated and precipitated into ether. P5-TMA was obtained as yellowish power; The 
number average molecular weight of P5-TMA was 2.62x 10* as measured by GPC/LS/RI 
20 method. 

P5-B A, P5-DEA and P5-TMA (Structures are shown in Figure 3) are synthesized 
according to a similar proccdtire. 

25 Example 2. Assay for the cytotoxicity of polyphosphoramldatcs (PPAs) 

Cytotoxicity of polyphosphoranidates (P5-SP, P5-BA, P5-DMA, P5-DEA and P5- 
TMA) in comparison with other potential gene earners [poly-L-lysinc (PLL) and 
polyethjdeniroinc (PEI)] is evaluated using the WST-1 dye reduction assay. COS-7 cells 
are seeded in a 96 well plate 24 hours before the assay at the density of 5x 1 0* ceUs/welL 

30 The cells are incubated for 4 hours with 1 00 jrl of DN4EM medium complemented with 
10% fetal bovine semm (FBS) containing various PPAs, or PLL or PEI at different 
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concentrations ranging from 0 to 500 \xg/ml. The medium in each well is replaced with 
100 \i\ of fresh complete medium and cells are cultured for an additional 20 hrs. Tea 
microliters of WST-1 1'eagcnt (Roche Molecular Biochemicals) is added to each well and 
allowed reacting for 4 hrs at 37 The absorbance of the supernatant at 450 mn (use 
5 655 nm as a reference wavelengtli) is measured using a microplate reader (Model SSO» 
Bio-Kad Lab. Hercules, CA). 

The assay results (Figure 4) indicate that poI>phosphoramidales exhibit loww 
cytotoxicity in culture than widely used polycationic carrier, PLL and VET. The LDso of 
10 PEI in this assay is 20 iig/ml, LD50 of PLL is 42 jxg/nil, LD50 of P5-SP is 85 fig/ml, LD50 
of P5-BA is 300 fifi/ml, LD50 of DMA or DEA or TMA is well beyond 500 tig/ml. It is 
clear that PPAs have lower cytotoxicity thaii PLL and PEL PPAs with tertiary amino 
group and quatcmaiy amino groups have tiie lowest cytotoxicity in this assay. 

15 Example 3. G^l retardation assay for the DNA binding capacity of PPAs 

Tlic fomialion of PPA-DNA coacer\'ates is examined by their clectrophoretic mobility 
on an agarose gel at various charge ratios of PPAs to plasmid DNA (Figure 5). No 
migration of the plasmid DNA occunred at charge ratio larger than 1.0 (P5-DMA, P5- 
DEA and PS^TMA) or 1 .5 (P5-B A) or 2.0 (P5-SP), Tliis lack of migration is due to 

20 neutralisation of the nucleic acid by PPAs, .suggesting the polycationic nature of PPAs. 
PPAs with tertiaiy amino groups and qutemaiy amino groups appear to have higher DNA 
binding capacity at tlic same charge ratio. 

Example 4, Preparation of PPA-UNA coacervatcs and coacervates with 

25 chloroqufue sulfate 

PPA is dissolved in salijie at a concentiation of 2-10 nig/ml. To this solution is added 
plasmid DNA dissolved in saline to ^oeld desired N/P ratios, followed by brief vortcxing, 
and the mixture is allowed to stand at room temperature for 30 minutes, llie coaccrvates 
prepared according to this procedure are used directly for transfect ion study unless stated 

30 otherwise. The efficiency of complexation of DNA is close to 100% when the N/P ratio 
is over 1 .0 as revealed by gel clectrophoretic mobih'ty anal^'sis. 
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Chloroquine sulfate (CCJl) has been widely proven to be an efTectivc reagent to disrupt 
lysosoraes and enhance the transfection efficiency in many polycatiomc gene delivery 
systems. CQ is co-encapsulated into the coacervates simply by incoiporaling CQ into the 
5 PPA solution aiidtheiiibnniiigcoacervates according to the satne procedure. TheCQ 
incorporated coacervates are used for in vitro transfection witfiout further purification 
since the total amount of CQ added is still within the non-toxic concentration range. 

Example 5. Transfection emdcncy of PCEP-DNA complex in different cell lines 
10 In vitro transfection of HEK 293 cells with PPA-DNA coacervates is evaluated using 
luciferase as a marker gene. Cells are seeded 24 hours prior to transfection into a 24-well 
plate (Becton-DickinsorL, Lincoln Park, NJ) at a density of 8x10"* per well with 1 ml of 
complete medium (DMEM containing X0% FBS, supplemented with 2 mlvl L^glutamate, 
50 units/ml penicillin and 50 ^g/ml streptomycin). At the time of transfection, the 
15 medium in each well is replaced witli 1 ml of serum free DMEM. PPA-DNA coacervates 
or PEI-DNA complexes or PLL-DNA complexes or Trausfasf^-DNA complexes are 
incubated with the cells for 3 hours at "iTC. The medium is replaced with 1 ml of fresh 
complete medhim and cells are furtlicr incubated for 48 hours. All the transfection tests 
are performed in triplicate. After the incubation, cells are permeabilized with 200 j-il of 
20 cell b'sis buffer (Promega Co.. Madison, WI). The lucifcrase activity in cell extracts is 
measured using a luciferase assay kit (Promega Co,, Madison, WI) on a luminometer 
(Lumat9605, EG&G Wallac). The light units (LU) are normalized against protem 
concentration in the cell extracts, which is measured using BCA protein assay kit (Pierce, 
Rockford, IL). 

25 

Figure 6 shows the transfection efficiency of PPA-DNA coacervates prepared from 
five different PPAs with 100 jig/ml of CQ or without CQ, comparing witli PEI, PLL and 
Transfast as gene carriere, Coacer^'atcs prepared with P5-SP in the presence of CQ result 
in the liighest transfection efficiency, similar to tlie level obtained by Transfast-DNA 
30 complexes and PEI-DNA complexes. Other PPAis only show moderate transfection 
activity. It is also evident that CQ crtO eiiliance the transfection efficiency for about 4 
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times at a concentration of 40 |Ag/ml ofCQ, tnmsfecUon eCRcicncy increases with dose 
and peaks at a dose of 80 fig/ml of CQ (data riot shown). TTie following cxperimenls are 
perfomied with 1 00 (xg/ml of CQ incoqjorated in flie coaccrvates. 

5 As the gel electrophoresis analysis shows, at a +/- charge ratio of 1.0 ^PS-DMA, PS- 
PEA and P5-TMA) or 1.5 (P5-B A) or 2.0 (P5-SP) and above, alf the plasmid DNA added 
to the preparation mixture is oomplexed with PPAs. Coacervates prepared at different 
charge ratios are also exaaiined for their abilities to transfect HEK:293 cells (Figure 7). 
Although complete DNA incorporation occurs at charge ratio of 2,0 and above for P5-SP, 
10 the highest level of gene Iransfection is observed when the coacervates are synthesized at 
the +A charge ratios between 7.5 and above. Transfection efGcicncy slightly decreases 
when the charge ratio is 12.5 and above. 

The transfection efficiency is measured against five other cell lines using PPA-DNA 
15 coacervates containing pRE-Lucifei-ase plasniid figures 8). Like in IinK293 cells, the 
higliest level of lucifcrase expression in CaCo-2 cells, HeLa cells, IIuH-7 cells, COS-7 
cells and HepG2 cells is also found to be at a +/- ratio between 5 and 10, The transfection 
efficiency in CaCO-2 cells, HeLa cells or HuH 7 cells is about 100 to 200 times higher 
than PLJ. mediated transfection, and 10 to 50 times lower than that obtained with PBI- 
20 DNA complexes, Transfection efficiency in COS-7 cells or HepG2 cells is about 100 to 
300 times higlicr than PLL mediated transfection and 2 folds lower tlian that obtained 
with PEl-DNA complexes, 

Exaniple 6. Gene transfection mediated by PPA mixtures 

25 Complexes comprising plasuiid DNA and PPA mixture were prepared according 

to a similar procedure as described in Example 4, except that PPA-SP and PPA-DMA 
were pre- mixed at different ratios before complexation with plasmid DNA. DNA- 
polyiner complexes were formed by adding 50 l^d of polymer solution containing varying 
amounts of polymer to 50 jil of vortexing pRE-Uiciferase (60 pg/ml, in 0.9% NaCl. pH 

30 7.4) and vortcxcd for 15O0s. Complexes were allowed to form for 30 min at room 

temperature- Tlie complexes v/ere used for transfection study xNathout further purification. 
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This IS based on the hypothesis that complexes containing various lypes of aituiio 
groups would increase the buffering capacity, thus improve the intracellular delivery of 
the DNA to cytosol and nucleus. Transfcction of COS-7 cells using PPA-SP (containing 
5 primaiy amino group), PPA-DMA (containing tertiary amino group) or PPA-SP/PPA- 
DMA mixture showed fliat PP A-SP/PP A-DMA mixture mediated significantly liigjier 
levels of gene expression than either polyjner alone (Figure 9, structures see Figure 3), 
T^sfection was pcrfonned with 3 |xg DNA per well The charge ratio of lotal positive 
charges in PP A to negative charges in DNA was maintamed at 9. Under optimal 
id condition (at a PPA-SP/PPA-DMA molar ratio of 4 to 9), transfection efficiency achieved 
by PPA-SP/PPA-DMA mixture was 20 and 160 times higher than PPA-SP and PPA- 
DMA mediated transfection, respectively. 

This method of introducing polj^icric carriers with different charged groups into 
15 Ihe same complexes represents a simple yet effective approach in developmg polymeric 
gene carriers and understanding the mechanisms of polymer mediated gene trans fer. 
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What is clainied is: • 

1. A wate soluble and positively charged biodegradable 
poiypho^phoiainidatc Ibat is c^le of fonning a complex .^^ negativdy charged 
Koactivc m^oinolecules in ^oeous'solutions and con^»rises Ac recwiing monomelic 
unit showl m Fomiula I, 

FORMULAI • 
wlierein 

Ri is a divalent a%halio organic moiety; 

and are each independently selected from Ac group consisting of 
bydrogea, allcyl, or hclOToalicycIic groups; 

"each non-hydrogen occurrence of Ra and Ra is substituted ydih one or more 
positively charged groups; and 

nisiTom20to2,0p0. 

2. A positively charged biodegradable polyphosphoramidate of daim 1, • 
wherein the biodegradable polyphosphoramidate has between about 20 and about 2,000 
pHosphoramidate groups. 

3: ' A positiveiy charged biodegradable polyphosphoramidate of claim 1, 
wherein non-hydrogen occurrences Ra and R3 are substituted with one 01 more charged 
■ groups selected from the gruup consisting of primary amine, secondary amine, tcrtiaiy 
amine, quaternary amine or jmidazoyL 

4. A pOKlively charged biodegradable polyphosphoramidate of claim 1 , 
wiieiein one or more of Ri, Rj or R3 is substinatcd with onc.or more groups capable of 
facilitating intracellular delivery of a negatively charged bioactive macromolecuJes, 
selected from the group consisting of Ij-sosomalytic agent, an amphiphiUc peptide, or a 
sto'oid doivative. 
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■ 5. ApositivdychaisedbiodcgnuiBblcpoIyphosphoraimdateofclai^ 
whprein ifie gioup c^le of facaitatmg intracellular delivery of negalively cLargcd . 
bioacUve mscromolecules is a cholestocyl gxp^Ik. 

6. A positively charged biodegradable polyphosphoiamidale of claim 1, 
v\4)£reiii Ri is defined ia Foimuia. 
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FORMULAn 
whereia . 

cach.occuneDCC of R3 and R4 arc independently selected from the group 
consisting of Kydrogen ox alkyl group; and 
q is 2 to 4. 

7. A positively cliarged biodegradable polyphosphoramidate composition 
formed by complexation in aqueous solutions comprising: 

(a) at least one negatively charged bioactivc macroroolecule; and 

(b) a water soluble and positively charged biodegradable • 
polyphosphoranudate of cliaim 1. 

8. A positively diargcd biodegradable polj^phosphoramidatc composition 
of ckdm 7, wbereiu the negatively charged biooctiye mkcromgleculcs arc selected firom 
the group consisting of DNA, IWA, proteiiis, and polysa^ 

9. A positively charged biodegradable polyphosphoramidate composition 
of any one of claims 7 and 8, wiierein the biodegradable polyphosphoramidate is 
capable of complexmg 20-60% by weight of the negatively charged 
biomacromolecul.es, 

10/ A method of preparing a water soluble and positively chargeable 
biodegradable poljThosphoramidate of Fonnula I, comprising the steps of: 

(a), reacting a precursor polymer with recurring unit shown in Formula in. 
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FORMULA in 



Ri is a dival^ s%liatic.orgamc moiety; 

with a primary or seoondaty amine having a structure of HNRaRa, wherein each 
occurrence of Ra and R3 are selected fix)m ihe ffoxsp consisting of hydrogen or 
positively charged aliyl or heteroalicyclic containing protected piimaiy amm©^ 
protected secondary amine, tertiary amine, and quaternary amine; followed hy 
(b). deprotecting flie protected amino groups, if applicable. 

♦ 11. A method of preparing a positively charged biodegradable 
pobTptosphoramidate of claim 10, wherein Ihe biodegradable polyphosphoramidate has 
between about 20 and about 200 phosphoramidate groups. 

12. A method of preparing a positively charged biodegradable 
polj^phosphoramidate composition.of claim 7, comprising die steps of; 

mixing an aqueous solution of the positively charged biodegradable polymer of 
Formula I v^ath conccntratious rangmg from 1 pg/ml to 500 w&/mU 

Vidth an aquepus solution of one or more biological active macromoleculcs, 
which is able to complex with polymer of Formula L 

13. . A method ofprcparing a positively charged biodegradable 
polyphosphoramidate composikon of claim 12, wh^in the negatively charged or 
bioactive rriacromoleeules are selected from the gtoup consisting of DNA, KNA, 
proteins, and polysaccharides, 

• 1 4. A method of preparing a positively charged biodegradable 
polyphosphoramidate composition of claim 12 or 13. wherein the biodegradable" 
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polyphosphomoidate is enable of complcring 20^0% by wdBtt of the negsitivdy 
chargc4 iaoactiye macromolecuJea. . 

■ 15. A method of preparing a podtivdy charged Uodcgra<labIe- 
polyphbspto^amidalc composifion of claim 12 o? 13» therein the biodegradable 
polyiiK)sptorainid^hasbetweeiiabout20aiKlaboirt2CK)ph^^^ • 

16. A methcHi for Ihe controlled release of a bioactivemacromolecule 

coinpiisms ^e stops of^ 

providing a positively charged biodegradable polyphospboramidate composition 

of claim 7, and 

coiilacting flic composWoii in vivo or in vitro 
tissue imdcr (Sonditions conducive to the delivoy of aileast a portion of the biologically . 
active substance to the biological fluid. ieU or tissue so that Ae biologically acUve 
substance is released in a controlled mann«. 

17. A method of claim 16, vAerein the bioactivc macromoletiule .is released 
in-vivo. 

.18. A method of claim 16, ^-herein the Woactive macromoleode is released 
in-viirp. 

19. A method of claim 16, wherein the bioactivemacromolccule is released 
extiacellularly. 

20. A method of claim 16, -wkhcrein the bioactive macroroolecule is released 
intracellularly. 

2\. A method of claim 16, ^vhcrein the bioactive macroinolccule(s) are 
selected from the group consisting of Dl«^A, RNA, proteins, and polysaccharides. 

22. A method of claim 1 6, ^^'here^n the biodegradable polymer is capable of 
compicxing 20-60% by vv-cight of &e negatively charged bioactive maaomolecule. 
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23. A method of claim 16, ivberein tibe biodegradable polymer has between 
about 20 and sibout 200 i^^hste groups. 

■ . 24. A mefliod of claim 16, vdieteip flic bioactive macromolccole is a growdi 

25. . A mclbod of claim 1 6, wherein flie l^bactive macromolcculc is selected • 
from tbe group consisting of DNA sequences, genes, gene fragments, UNA encoding 
Vaccines, Aertpcutic agents, cytokines, immunoadjuvants, cancer thcrapeuUc ageat$, 
proteins, and combinations thereof. 

26. - A method of daim 25, vvbeiein this DNA sequence, gene or gene 
fiagment is administered in connection wilfa gene tber^y. 

27. A mefliod ofaoy one ofclaims 17 through 26 wheiein the positively • 
charged biodegradable polyphospboramidate composition, including complexes or 
nanopartlcles is delivered in vivo. * 
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70. 1 6 and Section 607 of the Administrative Tnstructions under the PCT). 
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3. This report contains indications relating to the following items; 



I [x] Basis of the report 

n • [~\ Priority 

in Q Non-establishment of opinion widi regard to novelty, inventive step and indastiiai appbcability 

IV I ] Lack of unity of invention 

V [x] Reasoned statement under Article 35(2) ^nth regard to novelty, uivcniivc step or liidustrial applicability; 
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. With regard to fhe elements of the intemationa] application:^ 
[ j the intczmtional application as originally filed- . 

1x1 the description, pages 1-29, 44(abstract) as originally filed, 
pages 9 filed with die demand, 
pages , received on vciA^e letter of 
fx] the claims, pages « as originally filod. 

pages , as amended (together with any statement) under Article 19» 

pages 9 filed with the demandi ... 
pages 30-34 , received on 14 August Z003 with the letter of 14. August 2003 
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pagc:s 9 filed with the demand, 
pages , received on with the letter of 
j ) the sequence listing part of die description: 
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I ] filed together with the international applicatioa in computer readable foiin. 

fiinushed subsequently to this Authority in written form. 
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[ I The statement that the subsequendy furrushed written sequence listing does not go beyond the disclosure in the 

international application as filed has been fun\ishedL 
j~| The statement that the information recorded in computer readable form is identical to the written sequence listing has 
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[ ] the descriplion» pages 

|X| claims, pages 35-43 

[ I the drawings, shccts/fig. 

5. [ I This report has been established as if (some of) the amendments had not been made, since they have been considered to 

go beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2(c)).^* 
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Any replacement sheet containing such amendments must be referred to under item ! and annexed to this report ' 
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y. Reasoned statement under Article 35(2) with regard to novelty. Inventive step or industrial appiicabiBfy; eltationa 
and ezplana'tlons supporting such statement 


1. Statement 




Novelty 04) Claims 1-27 


YES 


Claims 


NO ' 


Inventive step (IS) Claims 1-27 


YES 


ClaiiiB 


NO 


Industrial applicability (lA) Claims 1<*27 


YES 


. Claims 


NO 


2. Citations and explanations (Rule 70.7) 




CITATIONS 




Dl US 5 19458 1 




D2. US 5952451 
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D3. US 6166173 




D4. WO 98/46286 




D5. WO 98/48S59 




D6. WO 99/00446 




D7. WO 00/19976 




D8, WO 00/57852 


Am 


N'OVELTY (N) AND INVENTIVE STEP (IS) 




Claims 1-27: The claimed invention relates to a positively charged biodegradable polyphosphoramidate ttiatis 
capable of forming a complex with negatively charged bioactive macromolccules. 


The closest art, Dl, discloses a biodegradable poly(phosphoester) whereby a therapeutic agent capable of being 
released in a physiological environment is covalently attached to polymer backbone as a pendant group or forms 
part of tliC backbone itself, The citation does not teach the formation of complexes. Hence, the claims are novel 


and inventive. 
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